Objectives We conducted a systematic review of the literature relating early life socioeconomic position (SEP) to breast cancer incidence and mortality from a critical period and life-course trajectory perspective. Methods PubMed, EMBASE and Web of Science were searched to identify cohort studies that evaluated the impact of early life SEP indicators on the incidence and/or mortality from breast cancer in adulthood.
Introduction
The life-course approach to chronic disease epidemiology emphasizes the importance of timing of exposures and postulates that early life exposures, including socioeconomic factors such as parental income, education and employment, may directly influence the etiology of chronic disease later in life (Ben-Shlomo and Kuh 2002; Wadhwa et al. 2009 ). According to the critical period model, exposures acting during a specific period have lasting effects on the structure and function of tissues, organs, and bodily systems (Ben-Shlomo and Kuh 2002) . In addition, consistent with the chains of risk approach, social inequalities in cause-specific mortality may lie in socially determined exposures at different stages of life (Davey Smith et al. 2000) . For example, adverse social This article is part of the special issue ''Life course influences and cancer risk ''. circumstances in early life may influence the adoption and maintenance of adverse health behaviors that may persist into adulthood (van de Mheen et al. 1998 ) and may also affect cognitive development (Lovallo et al. 2012 ) and educational opportunity and attainment, which in turn may influence adult socioeconomic position (SEP) (BenShlomo and Smith 1991) , a predictor of adult chronic disease (Chan et al. 2004; Louwman et al. 2004; Mao et al. 2001; Webster et al. 2008) . Notably, epidemiologic studies that adjust for adult factors are able to identify the independent influence of early life factors consistent with the critical period model. On the other hand, studies that do not adjust for these factors can only assess the cumulative risk of both early life SEP and subsequent exposures.
While ample epidemiologic evidence supports an association of adverse socioeconomic circumstances in early life with increased chronic disease incidence and mortality (Konig et al. 2003; Melchior et al. 2006; Naess et al. 2004; Pensola and Martikainen 2003; Power et al. 2005) , particularly cardiovascular disease (Frankel et al. 1999; Galobardes et al. 2006; Smith et al. 2001) , the extent to which early life SEP may affect cancer endpoints remains incompletely understood.
We systematically reviewed the published literature to determine the quality and strength of evidence relating SEP in early life with breast cancer incidence and mortality. Breast cancer remains the most prevalent cancer type among women globally (Ferlay et al. 2010) , and studies have shown inconsistent associations between early life SEP and breast cancer (Okasha et al. 2002) . Children in lower SEP families are more likely to be overweight (Thibault et al. 2010 ) and higher body mass index in childhood is associated with reduced breast cancer risk in adulthood (Ruder et al. 2008) . However, early life dietary patterns resulting in childhood obesity have also been associated with higher circulating estrogen and earlier age at menarche, another independent risk factor for breast cancer (Maclure et al. 1991; MacMahon et al. 1973; Vihko and Apter 1989) . In addition, reproductive factors place better-educated women at increased breast cancer risk due in part to an older age at first birth and lower parity (Heck and Pamuk 1997; Reeves et al. 2007) , whereas higher educational attainment is associated with better survival (Bouchardy et al. 2006) . Early life SEP is also a strong predictor of SEP in adulthood (Kuh et al. 1997) , which is associated with increased risk of breast cancer (Chan et al. 2004; Webster et al. 2008) . The early life period includes the prenatal environment, infancy, childhood and adolescence (Ben-Shlomo and Kuh 2002; Davey Smith et al. 2000) , and we sought to evaluate whether the association of early life SEP with breast cancer may be consistent with a critical period approach.
Methods
Three databases (PubMed, EMBASE and Web of Science) were searched to identify papers examining the association between early life SEP and the incidence and/or mortality from breast cancer in adulthood. The evaluation of early life SEP was based on measures of parental income, education, employment and/or occupation, and the early life periods include childhood and adolescence.
The detailed search strategies are included in the Supplemental File. PubMed searches were conducted using a combination of Medical Subject Headings (MeSHs) and Keywords (in title or abstract.) EMBASE was searched using EMTREE and title/abstract search. Web of Science was searched using keywords. Each set of search results was limited by publication year from 1980 through May 2016 and further limited by study types (case control, cohort study, longitudinal study and prospective study). Only articles in English were included in this review.
Our search retrieved a total of 353 articles from PubMed, EMBASE and Web of Science, and after manually removing 11 duplicates, we were left with a total of 342 unique references. Of the 342 screened articles, 324 studies-that did not report early life SEP, reported measures of SEP other than those included in our definition, did not report either breast cancer-specific incidence or mortality, or reported incidence of a cancer site other than breast-were excluded. We obtained full text for all 18 remaining articles, and after review, we additionally excluded nine articles that did not report breast cancerspecific outcomes or were themselves systematic reviews. The remaining nine articles were included in this review. We followed the PRISMA guidelines [Transparent Report of Systematic Reviews and Meta-Analysis (Moher et al. 2009 )] as a methodological template for this review (Fig. 1 ).
Inclusion and exclusion criteria
We included studies with the following characteristics: (1) reported on breast cancer incidence or breast cancerspecific mortality in adulthood; (2) measured at least one SEP indicator in early life. We excluded studies that were published in languages other than English, those for which full text was not available, or that consisted of narrative reviews, comments or letters.
For each of the studies included in the review, we abstracted information on setting, number of participants, number of incident breast cancers or breast cancer deaths, SEP indicator and the age at which it was assessed, study outcome and age at which it was assessed, reported measure of association between early life SEP and outcomes as well as corresponding confidence intervals (CI). When multiple measures of association were reported, we reported results from the fully adjusted model. We did not perform a formal meta-analysis for the studies included in this review, because the necessary conditions of comparability of exposures and outcomes, together with homogeneity of direction and strength of association are not met (Egger et al. 1998) . In this study, we present a qualitative synthesis of the current scientific evidence regarding the effect of early life SEP on the incidence of breast cancer and mortality following this diagnosis.
Results
We identified nine unique studies that evaluated the relationship between early life SEP and breast cancer (de Kok et al. 2008; Dirx et al. 1999; Lawlor et al. 2006; Lope et al. 2016; Naess et al. 2007; Power et al. 2005; Pudrovska and Anikputa 2012; Strand and Kunst 2007; Titus-Ernstoff et al. 2002) : two case-control (Lope et al. 2016; TitusErnstoff et al. 2002) , and seven cohort studies (de Kok et al. 2008; Dirx et al. 1999; Lawlor et al. 2006; Naess et al. 2007; Power et al. 2005; Pudrovska and Anikputa 2012; Strand and Kunst 2007) . One case-control study was conducted in the US (Titus-Ernstoff et al. 2002) and the second was conducted in Spain (Lope et al. 2016) . The seven cohort studies were conducted in the US (Pudrovska and Anikputa 2012) , The Netherlands (de Kok et al. 2008; Dirx et al. 1999) , Norway (Naess et al. 2007; Strand and Kunst 2007) , Sweden (Lawlor et al. 2006) , and the UK (Power et al. 2005) .
Study characteristics
Of the six studies included in this review that used father's occupation as an early life SEP indicator (de Kok et al. 2008; Dirx et al. 1999; Naess et al. 2007; Power et al. 2005; Pudrovska and Anikputa 2012; Strand and Kunst 2007) , two considered father's education, mother's education, father's occupational prestige, and/or an indicator of whether the family income exceeded the median family income for the time period (Pudrovska and Anikputa 2012; Titus-Ernstoff et al. 2002) . Another two studies considered The association of early life socioeconomic position on breast cancer incidence and mortality… 789 childhood household income, father's and mother's education in addition to father's occupation as indicators of early life SEP (Lope et al. 2016; Strand and Kunst 2007) ( Table 1 ). Most of the included studies collected SEP information self-reported from adult participants. However, studies from Norway and Sweden utilized individual census data linked with cancer registry using personal identification numbers. One study combined occupational class of the head of the household and participant's height, which is determined by childhood socioeconomic circumstances to classify early life SEP as manual versus nonmanual (Lawlor et al. 2006) . One study was conducted in 1999 (Dirx et al. 1999 
Studies of breast cancer incidence
Five studies reported on breast cancer incidence in adulthood (de Kok et al. 2008; Dirx et al. 1999; Lope et al. 2016; Pudrovska and Anikputa 2012; Titus-Ernstoff et al. 2002) (Table 1) . Two US studies observed a positive association between higher early life SEP and breast cancer incidence; one study from Spain observed a protective effect of higher early life SEP on breast cancer incidence, while two studies from The Netherlands reported no significant associations. (Dirx et al. 1999 ).
Studies of breast cancer mortality
Five studies reported on breast cancer mortality in adulthood (Lawlor et al. 2006; Naess et al. 2007; Power et al. 2005; Pudrovska and Anikputa 2012; Strand and Kunst 2007) ; one US study reported an inverse association between paternal SEP and breast cancer mortality; however, the other studies did not observe statistically significant associations, although they were likely not sufficiently powered to detect small effect sizes ( (Pudrovska and Anikputa 2012) . Two studies, one British (Power et al. 2005 ) and one Norwegian (Naess et al. 2007 ), reported statistically non-significant associations of lower early life SEP with breast cancer mortality. Another Norwegian study reported reduced risk of breast cancer mortality with lower father's education [\ 9 vs. C 13 years: relative index of inequality (RII) 0.91, 95% CI 0.60-1.43], and increased risk with lower mother's education (\ 9 vs. C 13 years: RRI 1.14, 95% CI 0.70-1.84) (Strand and Kunst 2007) . None of the associations across SEP measures reached statistical significance after adjusting for age at diagnosis and participant's adult SEP (Naess et al. 2007; Power et al. 2005; Strand and Kunst 2007) . A Swedish study also reported elevated but non-significant risk of breast cancer mortality in women with low early life SEP after adjusting for age at diagnosis (manual vs. non-manual social class: HR 1.06, 95% CI 0.95-1.17) (Lawlor et al. 2006 ).
Discussion
In this systematic review, we identified five studies that focused on breast cancer incidence (de Kok et al. 2008; Dirx et al. 1999; Lope et al. 2016; Pudrovska and Anikputa 2012; Titus-Ernstoff et al. 2002) and five studies that evaluated breast cancer mortality (de Kok et al. 2008; Naess et al. 2007; Power et al. 2005; Pudrovska and Anikputa 2012; Strand and Kunst 2007) as a function of The association of early life socioeconomic position on breast cancer incidence and mortality… 791 The association of early life socioeconomic position on breast cancer incidence and mortality… 793 early life SEP. In contrast to a Dutch (de Kok et al. 2008) and Spanish (Lope et al. 2016 ) study that found protective effects of higher early life SEP on breast cancer incidence, two US studies (Pudrovska and Anikputa 2012; TitusErnstoff et al. 2002) that evaluated a number of SEP indicators found that, consistent with the critical period hypothesis, high early life SEP was associated with increased breast cancer incidence. Whereas studies in Scandinavian (Dirx et al. 1999; Naess et al. 2007; Strand and Kunst 2007) and European (Power et al. 2005 ) countries provided little evidence of an association between early life SEP and breast cancer mortality, one US study (Pudrovska and Anikputa 2012) supported a positive association.
The nature of the association between early life SEP and breast cancer endpoints remains unclear. A systematic review of the evidence linking prenatal and early life exposures to breast cancer risk reported no consistent pattern of association between markers of SEP, such as relative weight in childhood or adolescence, physical activity in early life, smoking at a young age, alcohol consumption and breast cancer risk (Okasha et al. 2003) . However, most of the studies included in the review utilized a case-control design and may be vulnerable to bias, and did not consistently adjust for measures of adult SEP. Prenatal and early life markers of SEP that have been related to breast cancer risk include birth-weight (Michels et al. 1996) , age at menarche (Kelsey et al. 1993) , diet (Hislop et al. 1986) , and weight in childhood (Whittemore et al. 1985) . Braithwaite et al. observed that although parental education was not a predictor of early menarche, there was a strong positive association between household income and early menarche among White girls, but an inverse association among Black girls (Braithwaite et al. 2009 ). Dietary patterns and childhood weight are also known to be strongly influenced by early life SEP (Hidaka et al. 2016) , and these associations vary by geography and race (Kirkpatrick et al. 2012) . Hence, the association between early life SEP and breast cancer risk may be modified by country-level (e.g., support programs for lowincome parents) and/or individual (e.g., race/ethnicity) factors that are currently not well understood. The studies included in this review examining breast cancer incidence outcomes were all from high-income countries of the US and Europe. More studies from geographically and racially diverse populations, e.g. countries with lower childhood obesity rates and a wider range of early life SEP, will be needed to fully address this research question.
Another recent review of this topic observed that 9 out of 11 included studies did not report significant associations between childhood SEP and overall cancer mortality, although smoking-related cancers were significantly associated with childhood SEP (Vohra et al. 2016) . This review updates the previous systematic review of this topic with more recent publications. While the studies conducted in Britain, Norway, and Sweden were unable to establish a consistent association between early life SEP and breast cancer mortality, a US study reported a significant reduction in the risk of breast cancer mortality in women with higher early life SEP (Pudrovska and Anikputa 2012) . These findings suggest that the impact of early life SEP on breast cancer incidence and mortality could vary by contextual factors (Kunitz 2007) . For example, the establishment of mammography screening programs resulted in an upsurge in breast cancer incidence due to the early detection in the US, but not in the Netherlands (Bray et al. 2004 ). Therefore, it is possible that a higher number of breast cancer cases in the US were diagnosed among women with higher SEP due to increased access to screening.
Evidence from earlier epidemiologic studies indicates that SEP influences adult cancer risk above and beyond the independent effects of income and education (Webster et al. 2008) . Our findings provide additional evidence that it is also useful to differentiate between childhood and adulthood SEP rather than combining them in a single measure as each likely exerts independent effects on breast cancer risk via separate pathways (Pensola and Martikainen 2003) . The association between high early life SEP and increased risk of breast cancer in adulthood observed in several studies may be partly explained by adult SEP, and operate via mediation by reproductive risk factors (e.g., contraceptive use, age at menarche for breast cancer) and behavioral risk factors such as smoking, alcohol consumption, and BMI, which are important risk factors for many cancers (Davey Smith et al. 2007; Louwman et al. 2004 ). On the other hand, higher SEP in early life and adulthood may lead to improved cancer outcomes such as reduced risk and mortality through other pathways. For instance, there may exist a common factor, such as cognitive ability, that may predict both good health and educational attainment (Strand and Kunst 2007) , and educational accomplishments often lead to higher incomes that result in favorable living and working conditions (Strand and Kunst 2007) as well as improved access to healthcare, which likely results in timely and high quality cancer treatment, and hence reduced mortality. These biological pathways highlight areas in which targeted cancer control and prevention efforts may focus in the long term. For instance, if low early life SEP is associated with increased risk of obesity, an important breast cancer risk factor, then strategies focused on reducing overweight/ obesity in childhood may help decrease the future risk of breast cancer in this subgroup. Such prevention strategies may focus on adolescent girls and young women with low early life SEP and potentially reduce the risk of breast cancer in adulthood. Attempts to better elucidate the socioeconomic distribution of adult health and risk of mortality must, therefore, consider the influence of socioeconomic trajectory across the entire life-course (Davey Melchior et al. 2006) . This approach will warrant obtaining detailed and prospective assessment of SEP measures in early life and adulthood and incorporating the measures in cancer registries and new prospective studies of cancer to identify risk factors for breast cancer and/or mortality during critical periods. This approach is part of current practice in several countries such as The Netherlands, Norway and Sweden where cancer registries incorporate data from individual records across the health system-from birth until death. While this may not be feasible in many countries presently, there is growing recognition that current cancer registry data (e.g. SEER) need to be linked with multiple other sources of epidemiologic data in order to fill critical gaps in the knowledge of risk factors across the life-course. In addition, prospective studies or birth cohorts may also benefit from including detailed measures of early life SES at baseline regardless of the primary study outcome, to ensure that future studies and pooling projects may further examine early life factors in adult health with minimal recall and/or selection bias.
Studies included in this review have a number of limitations, including the lack of comprehensive measures of early life SEP. The majority of the articles reviewed used only father's occupation as a measure of childhood SEP, which despite offering some common ground for interstudy comparisons, provides a limited picture of early life SEP. For example, we were unable to account for parental age in these associations, which may be associated with lower SEP if younger parents are more likely to still be in educational or vocational training programs. A comparison of the association between different indicators and childhood SEP could provide insight into the mechanisms linking childhood SEP with adult health. Further, given the long period of time between childhood and ascertainment of cancer outcomes in adulthood, studies relying on selfreported early life SEP retrospectively may be susceptible to significant recall bias. However, the use of multiple measures of SEP, including parental education and employment helps to minimize serious recall bias since employment-based measures are likely less susceptible to recall bias compared with education based measures. Furthermore, several of the included articles were prospective cohort studies, and evaluated childhood SEP at baseline, minimizing the length of time between childhood and cancer outcome ascertainment. The strengths of the studies reviewed include a cohort design in most studies, large sample sizes, long follow-up, and accurate incidence and mortality information obtained from national registries.
In conclusion, our systematic review provides some evidence that lower early life SEP may be associated with reduced breast cancer incidence and increased risk of breast cancer mortality in adulthood. We urge further studies on this topic with a more comprehensive assessment of early life SEP and adjustment for SEP in adulthood alongside other relevant covariates in the socio-demographic, behavioral and clinical domains. In addition to considering the individual effect of early life and/or adult SEP on adult chronic disease and mortality, it will be important for future studies to investigate the impact of lifelong trajectories of socioeconomic circumstances on these outcomes.
